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(54) Tide: MULTIPHASE LUBRICATION 

(57) Abstract 

A process and an apparatus for lubri- 
cating with multiple phases of lubricants and 
a multiphase lubricant, are described. Lubri- 
cants of different phases ( 10 and 12) are used 
in a process of lubricating one or more oper- 
ating components (22a or 22b) which areex- 
posed to an operating condition change. Un- 
der a condition at which the lubricants are 
at least partially miscible, the phases com- 
bine (18a or 18b) to provide a lubricant (17a 
or 17b) of an improved physical property, 
such as viscosity. Typically the lubricants 
are miscible at an elevated temperature and 
immiscible at lower temperatures. A density 
difference between the phases is preferred for 
ease of separation. A combination of a hy- 
drocarbon oil and a polyalkylene glycol such 
as polypropylene glycol is preferred. 
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MULTI-PHASE LUBRICATION 

This invention relates to a multi-phase lubricant 
which has at least one controllable property, an 
apparatus for lubricating with a multi-phase lubricant 
and a process for lubricating with more than one 
lubricant phase. 

Lubricants for industrial and automotive uses are, 
usually, single phase, constant composition materials 
made of basestocks to which various performance enhancing 
additives may be incorporated. Typically, a lubricant is 
selected to optimize the performance, function and 
protection of lubricated systems such as gears, cam- 
follower pairs, roller bearings, hydrodynamic bearings or 
pumps. 

To optimize system performance, the lubricant is 
formulated by selecting one or more basestocks and 
additives which will meet system needs when combined. 
Viscosity properties are an important consideration when 
formulating a lubricant because the appropriate viscosity 
balances energy loss because of viscous drag with wear 
because of diminished oil film thickness. Antiwear and 
antiscuff additives can help protect surfaces when the 
oil film between them thins. Basestocks, depending on 
their composition, can have various beneficial properties 
such as antioxidancy , good viscosity index and low 
traction. 

While it is possible to optimize lubricant selection 
for a single phase lubricant, optimum performance under 
the prevailing operating conditions (such as speed, load 
and temperature) can be compromised when the conditions 
change or when the same lubricant is used to lubricate 
several parts, each part having its own unique lubricant 
needs. Frequently, one lubricant is used to lubricate a 
wide variety of machines, for the sake of simplicity. 

The use of a single phase lubricant requires a 
compromise between premature machine failure due to wear, 
fatigue or scuffing, because the lubricant is of 
insufficient viscosity under certain operating 
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conditions, with excessive energy loss or overheating, 
because the lubricant viscosity is too high for other 
operating conditions. Since machine or plant operators 
prefer to minimize downtime, the compromise usually 
favors high viscosity lubricants which reduce equipment 
failure but cause excess energy loss. Additionally, in 
systems where temperatures vary widely, the viscosity 
selected may be for the weakest link component at its 
highest operating temperature but because of the 
relationship between viscosity and temperature, much 
energy is wasted since the lubricant viscosity is too 
high under the normally lower operating temperatures. 

A two-phase lubricant for improving the low 
temperature starting of an automobile engine is disclosed 
in French Patent No. 2,205,931. There, a process is 
disclosed in which a more dense lower viscosity phase and 
a less dense higher viscosity phase are combined such 
that a homogeneous phase, with lubricating properties 
characteristic of conventional engine lubricants, exists 
when the engine is at its operating temperature. When 
the engine is cool, the phases separate so that on 
starting the engine under low temperature conditions only 
the low viscosity more dense fluid is drawn into the oil 
pump. This improves engine cranking speeds because of 
reduced viscous drag and provides easier starting. The 
disclosed lubricants are hydrocarbons and esters, the 
heavier ester phase has the lower viscosity. The 
objective of the patent is to ease cold starting of an 
automobile engine. The patent describes the 
disadvantages associated with polymers as viscosity index 
enhancers because they degrade with use and cause the oil 
to lose viscosity. Thus, the patent suggests the use of 
the two-component system as an alternative to polymers 
because it provides good low temperature starting without 
viscosity degradation over time. The lubricant phases 
mix as the engine warms-up and the mixed lubricant 
behaves in the conventional manner, demonstrating large 
viscosity variations with temperature. 
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The moving parts of industrial machines are often 
actuated by liquid, usually oil, sometimes water-based 
emulsions, that is under pressure- The system used to 
apply the liquid is a hydraulic system, usually a 
contained system, which includes a reservoir, a motor 
driven pump, control valves, a fluid motor and piping 
which connects these components. Lubricating oil is 
often selected because it is useful for pressure 
transmission and controlled wear and it minimizes 
function and wear of moving parts and inhibits corrosion. 
Hydraulic fluids with low pour points and high viscosity 
indexes (VI) are formulated for use in mobile and marine 
applications that are subject to temperature extremes 
during service. With these high VI fluids, the goal is 
to obtain effective and consistent hydraulic actuation 
under extremes of high and low temperatures. Although 
there are many high VI hydraulic fluids available which 
attempt to meet this objective, it is very difficult to 
do with one fluid phase that has fairly constant 
properties. 

The invention is directed to a process for 
lubricating an operating component of a system in which 
the operating component is exposed to a variation in a 
condition of operation during system operation, 
comprising: 

(a) maintaining a first lubricant of low density and 
low viscosity and a second lubricant of higher density 
and higher viscosity than the first lubricant in a 
lubricant zone under an operating condition in which the 
first lubricant and the second lubricant are immiscible; 

(b) dispensing an amount of the first lubricant and 
an amount of the second lubricant to a mixing zone which 
is dedicated to the operating component, the relative 
proportion of each lubricant dispensed to the mixing zone 
is dependent upon the proportion required to achieve a 
third lubricant having a property suitable for 
lubricating under the condition to which the operating 
component is exposed; 
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(c) generating, in the mixing zone, a condition for 
mixing the first and second lubricants to produce a third 
lubricant ; 

(d) applying the third lubricant to the component; 
5 (e) removing at least a portion of the third 

lubricant from the component; and 

(f) returning the third lubricant to step (a) and 
repeating steps (b)-(d) without discontinuing system 
operation* 

10 The process further comprises the step of detecting 

the operating condition of the operating component so 
that the proportion dispensed in step (b) is regulated 
by monitoring the detected operating condition • 

Another embodiment of the invention is an apparatus 

15 for lubricating an operating component of a system in 

which the operating component is exposed to a variation 
in a condition of operation which is benefitted by 
adjusting at least one physical property of the lubricant 
which lubricates the component during operation, 

20 comprising: 

(a) a reservoir comprising a first lubricant of low 
density and low viscosity and a second lubricant of 
higher density and higher viscosity than the first 
lubricant, the second lubricant is immiscible with the 

25 first lubricant under conditions of immiscibility; 

(b) a third lubricant comprising a mixture of the 
first lubricant and the second lubricant, the mixture 
forming under a mixing condition; 

(c) an operating component positioned in association 
30 with the reservoir such that under a mixing condition, 

the operating component contacts the third lubricant and 
under a condition suitable for immiscibility the 
operating component contacts the first lubricant or the 
second lubricant, the contact of the operating component 
35 with the first or second lubricants and third lubricant 
occurring without discontinuing system operation. 

The apparatus further comprises (i) a mixing zone 
for providing a condition for mixing the first lubricant 
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and the second lubricant to produce the third lubricant; 
and (ii) a dispenser, particularly a pump, which supplies 
an amount of the first lubricant and the second lubricant 
from the reservoir to the mixing zone, the dispenser 
comprising at least one flow controller which controls 
the relative proportion of the first lubricant and the 
second lubricant dispensed to the mixing zone. 

Still further, the apparatus comprises (i) a 
condition sensor which is in communication with the 
operating component, the sensor comprising a device for 
detecting a change in the operating condition of the 
component during operation; and (ii) an activator which 
is in communication with the flow controller and which is 
responsive to the condition sensor, the activator signals 
the flow controller to change the relative proportion of 
the first lubricant and the second lubricant dispensed to 
the mixing zone in response to a change in the operating 
condition which requires adjustment of at least one 
physical property of the third lubricant. 

In a still further embodiment, the apparatus 
comprises a separation zone which provides an 
immiscibility condition for separating the third 
lubricant back into the first and second lubricants. 

In one convenient mode of operation, the operating 
component is positioned within the reservoir or the 
mixing zone. 

In one preferred aspect of the process or apparatus 
of the invention, the operating component is (i) an 
actuator for converting hydraulic fluid into mechanical 
motion and the lubricant is the hydraulic fluid; (ii) a . 
gear or (iii) a bearing. 

In an additional embodiment, the invention provides 
a lubricant for a system requiring lubrication during all 
usual conditions of operation including usual operating 
periods requiring high viscosity lubricant and usual 
operating periods requiring low viscosity lubricant, 
comprising, in a condition of immiscibility: 

(a) a hydrocarbon lubricant; and 
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(b) a polyalkylene glycol lubricant, the (a) and (b) 
lubricants characterized by immiscibility during the 
usual operating periods requiring low viscosity lubricant 
operation and miscible during the usual operating periods 
requiring high viscosity lubricant operation, the 
polyalkylene glycol lubricant influences the viscosity of 
the hydrocarbon lubricant under the operating condition 
which is sufficient to make the hydrocarbon lubricant and 
the polyalkylene glycol lubricant miscible. 

The invention is directed to a process for 
lubricating a plurality of components in which each 
component is exposed to a range of operating conditions. 
In the process of this invention, the component is 
lubricated with a first lubricant whose viscosity 
properties are changed as at least one condition of 
operation changes. For example, as the temperature of 
operation increases, the viscosity of the first lubricant 
is increased by the addition of a second lubricant with 
which it is at least partially miscible. As the 
temperature of the operation decreases, the lubricant 
viscosity requirements can be easily and instantly 
modified. That is, the proportion of second lubricant is 
reduced by separation and removal or by reducing the 
amount added to the first lubricant. 

The invention is further directed to a hydraulic 
system in which a first hydraulic fluid has its 
properties modified by the addition of a second hydraulic 
fluid in which it is at least partially miscible under 
the conditions which require the first hydraulic fluid to 
be modified. In this embodiment of the invention, 
effective hydraulic actuation can be achieved with the 
same system under extremes of conditions, typically high 
and low temperatures, which are usually encountered 
during marine and mobile service. 

In this respect, the invention is also directed to a 
process for moving at least one part of a system by 
circulating a hydraulic fluid. 
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The invention is directed to a process for 
lubricating an operating component of a system in which 
the component is exposed to a range of operating 
conditions, the process comprising: 
5 (a) maintaining a first lubricant and a second 

lubricant in at least a partial immiscibility zone under 
a condition sufficient for at least partial immiscibility 
of the first and second lubricant, the second lubricant 
is miscible with the first lubricant under a condition 
10 suitable for miscibility and under the miscibility 
condition the second lubricant changes the physical 
properties of the first lubricant; 

(b) detecting the operating condition of the 
component; 

15 (c) feeding an amount of the first lubricant and an 

amount of the second lubricant to a mixing zone which is 
dedicated to the operating component, the relative 
proportion of each lubricant dispensed to the mixing zone 
being dependent upon the proportion required to achieve a 

20 third lubricant having a property suitable for 

lubricating under the operating condition detected in 
step (b) ; 

(d) generating, in the mixing zone, a condition 
sufficient for miscibility of the first and second 

25 lubricant to produce the third lubricant; 

(e) applying the third lubricant to the component; 

and 

(f) removing at least a portion of the third 
lubricant from the component. 

30 The process further comprises the step of at least 

partially separating the first lubricant from the second 
lubricant by subjecting the third lubricant to a 
condition which makes the first lubricant at least 
partially immiscible with the second lubricant. 

35 The invention is further directed to an apparatus 

for lubricating an operating component of a system in 
which the operating component is exposed to a range of 
operating conditions which require adjustment of at least 
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one physical property of a lubricant which lubricates the 
component during its operation, comprising: 

(a) a first lubricant reservoir for containing a 
first lubricant; 
5 (b) a second lubricant reservoir for containing a 

second lubricant having at least one property which is 
different from a property of the first lubricant; 

(c) a dispenser which is operatively connected to 
the first and the second lubricant reservoirs, the 

10 dispenser for supplying an amount of the first lubricant 
and/or the second lubricant from the first and/or the 
second lubricant reservoir to a mixing zone, the 
dispenser for controlling the relative proportion of the 
first lubricant and the second lubricant dispensed to the 

15 mixing zone, the mixing zone being suitable for mixing 

the first lubricant and the second lubricant to produce a 
third lubricant, and the mixing zone being positioned to 
supply the third lubricant to the operating component; 

(d) a condition sensor which detects a change in the 
20 operating condition of the component during its 

operation ; and 

(e) an actuator which is in communication with the 
dispenser and which is responsive to the condition 
sensor, the actuator activates the dispenser to change 

25 the relative proportion of the first lubricant and the 

second lubricant dispensed to the mixing zone in response 
to a change in the operating condition which requires 
adjustment of at least one physical property of the third 
lubricant • 

30 In a further embodiment of the invention, the 

invention is directed to a lubricant composition for a 
system requiring lubrication during operation, 

comprising: 

(a) a hydrocarbon lubricant; and 
35 (b) a polyalkylene glycol lubricant of higher 

density and higher viscosity than the hydrocarbon 
lubricant which influences the viscosity of the 
hydrocarbon lubricant under a condition which is 
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sufficient to make the hydrocarbon lubricant and the 
polyalkylene glycol lubricant at least partially 
miscible. 

In a still further embodiment, the invention is 
directed to an apparatus for lubricating an operating 
component of a system in which the operating component is 
exposed to a variation in a condition of operation which 
requires adjusting at least one physical property of the 
lubricant which lubricates the component during 
operation, comprising: 

(a) a reservoir comprising a first lubricant of low 
density and low viscosity and a second lubricant of 
higher density and higher viscosity than the first 
lubricant, the second lubricant is immiscible with the 
first lubricant under an operating condition suitable for 
immiscibility; 

(b) a third lubricant comprising at least a partial 
mixture of the first lubricant and the second lubricant 
which partial mixture forms within the reservoir under an 
operating condition suitable for at least partial 
miscibility of the first lubricant and the second 
lubricant; 

(c) an operating component, at least a portion of 
the operating component being located within the 
reservoir and in contact with the first lubricant of low 
density and low viscosity, under a condition of 
immiscibility, and the operating component being in 
contact with the third lubricant under an operating 
condition suitable for at least partial miscibility of 
the first lubricant and the second lubricant. 

Still further, the invention is directed to a 
process for lubricating an operating component of a 
system in which the operating component is exposed to a 
variation in a condition of operation, comprising: 

(a) maintaining a first lubricant of low density 
and low viscosity and a second lubricant of higher 
density and higher viscosity than the first lubricant in 
a lubricating zone under an operating condition in which 
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the first lubricant and the second lubricant are 
partially immiscible; 

(b) contacting the operating component with the 
first lubricant under the operating condition of 

5 immiscibility; 

(c) conducting the contacting of the operating 
component under an operating condition which is different 
from the operating condition of step (b) and which is 
suitable for at least partial miscibility of the first 

10 lubricant and the second lubricant which forms a third 
lubricant. 

In yet another embodiment of the invention, the 
invention is directed to a hydraulic system in which 
hydraulic actuation is applied to move at least one part 

15 of a system by a circulating hydraulic fluid comprising 
(a) an at least partial immiscibility zone which 
contains a first hydraulic fluid and a second hydraulic 
fluid under a condition sufficient for at least partial 
immiscibility of the first and second hydraulic fluids, 

20 the second hydraulic fluid is miscible with the first 

hydraulic fluid under a condition suitable for 
miscibility and under the miscibility condition the 
second hydraulic fluid changes a physical property of the 
first hydraulic fluid; 

25 (b) at least one hydraulic actuator for providing 

hydraulic force to the part of the system, 

(c) a mixing zone associated with the at lease 
partial immiscibility zone, the mixing zone containing 
the first and second hydraulic fluids which are in a 

30 state of at least partial miscibility when there is a 
condition for at least partial miscibility, 

(d) at least one pump for transferring the first and 
second hydraulic fluids which are in a state of at least 
partial immiscibility from the mixing zone to the 

35 hydraulic actuator when a condition suitable for 
miscibility occurs. 

The lubricants are, typically, at least partially 
miscible. Although the lubricants can be totally 
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miscible, this can be difficult to achieve. Therefore, 
in specific terms, the lubricants are substantially 
miscible. 

FIG 1 is a simplified schematic flow diagram of the 
5 process of this invention. 

FIG 2 is a simplified schematic drawing of an 
apparatus contemplated for carrying out this invention. 

FIG 3 is a simplified schematic drawing of an 
alternative apparatus for carrying our the invention. 
10 FIG 4 is an alternative embodiment of the apparatus 

shown in FIG 3. 

FIG 5 is a viscosity-temperature plot for several 

single phase lubricants. 

FIG 6 is a viscosity- temperature plot of mixed 

15 lubricants containing two fluids in various proportions. 

FIG 7 is a simplified schematic flow diagram of a 
hydraulic system of the invention. 

FIG 8 is a simplified schematic flow diagram of 
another hydraulic system of the invention. 

20 In one embodiment of the invention, there are at 

least two different phases of lubricant. The term 
"different phase" is used here to mean a physical 
difference between the lubricants which makes them 
separable under a certain condition. Typically, the 

25 first phase lubricant is a low viscosity material and the 
second phase lubricant is a high viscosity material. The 
second lubricant can be referred to as a contributor in 
that its combination with the first lubricant contributes 
certain properties, such as a different viscosity, which 

30 will modify the first phase lubricant thereby producing a 
third lubricant. Typically, a density difference between 
the two phases allow easy separation to occur under 
conditions which cause the phases to be immiscible. 
Typical lubricants which can be used in the 

35 invention are miscible in any proportion at temperatures 
ranging from above about 20 *C to about 100 *C, depending 
upon the application. However, the proportion of each 
lubricant can influence miscibility, depending upon the 
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characteristics of the lubricant. Typically, as the 
viscosity difference between the lubricants increases 
their miscibility decreases and reduced amounts of the 
more viscous material and/or more severe mixing 
5 conditions, may be required to maintain miscibility of 
the lubricants. 

Although, typically the second phase is a liquid, it 
can also be a solid or gas which dissolves into the first 
phase at certain operating conditions such as elevated 

10 temperatures and pressures. A specifically contemplated 
solid is a wax which would mix in with the lower 
viscosity first phase during high temperature operation 
to increase its viscosity. Alternatively, there can be 
an immiscible solid or liquid which contains a material 

15 that releases into the first phase in response to a 
changing operating condition, such as an increased 
temperature . 

The density of one of the phases can be sufficiently 
higher than the density of the other phase to facilitate 

20 separation. Although difficult to quantify, a density 

difference of at least about 0.02 gm/cc and preferably at 
least about 0.08 gm/cc should be sufficient for 
separation by gravity. 

The term miscible is used here to indicate when the 

25 phases are uniformly dispersed in each other. Ideally, 

when the phases of lubricant are subjected to a condition 
which makes them uniformly dispersed in each other, they 
form a single phase. However, to be useful, the 
lubricants need only be at least partially miscible, 

30 preferably substantially miscible. 

The choice of materials employed for each phase will 
depend upon the conditions of the system and the optimum 
viscosity needed for the machine element to be 
lubricated. 

35 The following are alternative embodiments showing 

various applications in which the lubricant system can be 
employed. 
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The invention has utility in lubricant circulation 
systems used on machines, such as a paper machines, 
printing presses or machine tools, which have many 
components each operating under different conditions 
5 (e.g. temperature) . The invention also has utility in 
lubricant circulation systems used in multi-machine 
plants such as manufacturing or power generating 
facilities which have a number of machines operating 
under a wide variety of conditions. 

10 The invention will be useful in gearboxes which 

operate over a range of temperatures and operating 
conditions, in particular, in multiple reduction 
gearboxes where the gear contacts for the various 
reductions have different lubricant needs. 

15 The invention can also be used as a method for 

controlling fluid viscosity in hydraulic systems. These 
systems are found on off-highway equipment and on ships 
and are subjected to a variety of ambient temperatures 
under which they must perform. The invention alleviates 

20 the large changes in hydraulic fluid viscosity with 

temperature which compromise performance. In hydraulic 
systems in which there is a circulating first hydraulic 
fluid, the invention is useful for modifying or 
controlling at least one property of the circulating 

25 first fluid. Either automatically upon a change in an 
operating condition or upon detecting a change in at 
least one operating condition such as an increase in 
temperature, a second hydraulic fluid which will change 
at least one property of the first hydraulic fluid when 

30 the two become miscible is mixed with the first fluid. 
Thus, in a typical system, the second hydraulic fluid 
will elevate the viscosity of the first hydraulic fluid 
when the operating temperatures increase to facilitate 
hydraulic operation under those reduced temperatures. 

35 The hydraulic system of this invention will be 

useful when applied to machine tools, presses, draw 
benches, elevators, jacks and mining machinery. It will 
typically be useful for lifts used in the marine 
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environment and on other mobile equipment which is 
exposed to the vast temperature fluctuations which may 
occur near molten metal, open flames and travel from cold 
climates (e.g. the arctic) to hot climates. 
5 it is further contemplated that the invention will 

be useful in engines such as large diesel engines and 
aviation or stationary gas turbines where lubricant oil 
volumes or critical component needs may economically 
justify the addition of a phase separation and 
10 circulation system. 

This invention can also be used for stability 
control of hydrodynamic bearings. The ability to control 
viscosity, as disclosed herein, can be used to bypass 
certain unstable operating conditions without the need to 
15 alter speed or load. 

The invention can also minimize energy losses in 
circulation systems feeding hydrostatic bearings by 
optimizing the viscosity needed to support the bearing 
loads. 

20 It is further contemplated that the invention will 

be useful for additive treatment of lubricants. In this 
regard, selective additive miscibility in one of the 
phases would allow additives to be delivered at the point 
of need. This will keep them away from parts which they 

25 may harm. 

The invention will also allow for varying basestock 
properties such as traction force generation under 
shearing conditions. A high degree of traction force 
generation in certain types of components is desired to 

30 prevent slip. Yet, a low degree of this property is 

desired in other types of components to reduce friction 
losses and heat generation. With the multi-phase 
lubricant, the lubrication requirements of both types of 
components can be met without compromising either. 

35 implementation of the invention can be passive or 

active. A passive system is exemplified by a machine 
where the components, such as the gears, are lubricated 
by contact with the single phase lubricant. In one 
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embodiment , the component is dipped into an upper layer 
of lubricant, the less dense phase, located within the 
sump. The higher density phase, located in a lover layer 
does not contact the component until the temperature of 
5 the machine increases sufficiently to cause increasing 

amounts of the high density lubricant to mix with the low 
density lubricant. In this embodiment, the high density 
lubricant is selected to have a high viscosity so that 
the mixed lubricant will more effectively lubricate under 

10 the high temperature conditions. As the temperature 
decreases, the lubricants will separate and the lower 
density material which is selected for its low viscosity 
will lubricate. 

An active system utilizes a manual, mechanical or 

15 electromechanical control to determine the proportion of 
each lubricant necessary to achieve optimum lubricant 
properties. The lubricants are mixed and distributed to 
the component to be lubricated. After use, the lubricant 
is collected and brought to a separator for separating 

20 and reuse. 

Because one aspect of this invention includes 
separating the multi-phase lubricant, after use, into 
phases rich in the starting lubricants which are then 
remixed and reused, it is important that each lubricant 

25 be sufficiently physically or chemically different so 

that they are at least partially immiscible under certain 
conditions. 

Specifically contemplated methods of separating the 
lubricants include gravitational separation, e.g. in a 

30 holding tank, where the density difference is sufficient 
to allow separation by this method or by use of a 
centrifuge, hydrocyclone or other apparatus which 
enhances gravitational separation. Other separation 
systems can be used and those contemplated include 

35 membrane separation and solvent separation. Although not 
a preferred form of separation, distillation may also be 
employed. 
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FIG 1 is a simplified schematic flow diagram of one 
embodiment of the invention. A first lubricant reservoir 
10 contains a lubricant of a first viscosity. A second 
lubricant reservoir 12 contains a lubricant of a second 
viscosity. Each lubricant reservoir is associated with a 
dispenser 14. An example of a suitable dispenser is a 
pump typically a plurality of pumps. The lubricant from 
each lubricant reservoir is transferred to mixing zones 
18a and 18b via the dispenser 17 through conduits 15a, 
15b, 16a and 16b. The mixing zones 18a and 18b are 
associated with operating components 22a and 22b. In 
the drawing two operating components are shown to 
demonstrate that a plurality of operating components, 
each having distinct lubrication requirements, can be 
handled by this system. The dispenser has the ability to 
control the flow of lubricant from the reservoir to the 
mixing zone. Although, in the drawing, the operating 
component is separate from the mixing zone and connected 
through lines 17a and 17b, they can be more closely 
associated. That is, the mixing zone can be located 
about the operating component. For example, in a roller 
bearing, the mixing zone can be the zone of lubricant 
which lubricates the bearing. Condition sensors 26a and 
26b are situated to detect a change in the operating 
condition of either or both components during their 
operation. The condition sensors can comprise a 
temperature or viscosity measuring device 25a and 25b, 
such as a thermometer, or a viscometer. Thus, the 
detectable change can be in the operating temperature of 
the component or the viscosity or temperature of the 
lubricant which lubricates the component or any other 
measurable operating condition. The condition sensors 
provide information, concerning the operating condition, 
to actuators 24a and 24b which are in communication with 
the dispenser 14. In response to a change in an 
operating condition of either component 22a or 22b, 
detected by the condition sensor, the actuator activates 
the dispenser to adjust the proportion of the first 
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and/or second lubricants dispensed to the mixing zone, 
in this manner, a property of the lubricant, such as 
viscosity, can be increased or decreased in response to 
an operating condition to which the component is exposed. 
Specific examples of operating components which will 
benefit from this device are a bearing, such as a ball or 
roller bearing or gears. In a specific example, the 
dispenser is a pair of pumps pressurizing lubricants from 
lines 15a and 15b and a series of valves individually 
controlling the proportions of the lubricants being sent 
to a multiplicity of components such as 22a and 22b via 
lines such as 16a and 16b. The individual settings on 
the valves can be determined through an algorithm 
determining the needs of the components based on inputs 
from operating condition sensors 24a and 24b. The third 
lubricant is withdrawn from the component via lines 29a 
and b. Optionally, the first lubricant is at least 
partially separated from the second lubricant under a 
condition sufficient to make them immiscible. Thereafter 
the lubricants can be reused by returning them to the 
lubricant reservoirs or discarded. 

FIG 2 is another simplified schematic flow diagram 
of one embodiment of the invention. In FIG 2, there is 
shown a first lubricant reservoir 10 and a second 
lubricant reservoir 12 each containing a lubricant having 
a different density. An amount of lubricant is withdrawn 
from each reservoir via lines 30 and 31 each having a 
pump 32 and 33. Alternatively, each lubricant may be 
drawn from separation zone 34, the lower density 
lubricant withdrawn from the top of the zone via line 35 
and the higher density lubricant withdrawn from the 
bottom of the zone via line 36. The lubricants are 
passed to at least one mixer zone, such as a first mixer 
zone 37 and a second mixer zone 38 via lines 39a and 39b. 
Each mixer zone is dedicated to a component or a set of 
components having similar lubrication needs. In the 
mixer zones, the first and second lubricants are combined 
in proportions determined to produce a single phase 
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lubricant meeting the needs of the component (s) assigned 
to that mixing zone. This can be aided, if necessary, by 
heating and/or stirring. An example of how the 
proportions of each phase to be mixed in each mixing zone 
5 may be determined is through the use of a microprocessor 
or computer which receives feedback on the operating 
condition of the component such as temperature, speed and 
load and uses an algorithm designed to determine the 
viscosity needs of that component. Viscosity control may 

10 also be aided by in-line viscosity sensors in the supply 
lines of the individual phases or in the output line from 
the mixing zone to the component. Flow rates needed for 
cooling or for adequate lubrication can also be 
determined using a similar data processing method. The 

15 single or mixed phase lubricant flows from each mixer 

zone to its associated components such as a gear 41a or a 
bearing 41b via lines 40a and 40b. After performing its 
lubricating function, the lubricant flows back to a 
lubricant separator comprising at least one collection 

20 zone 44 and optionally, a cooling zone 45. The collected 
lubricant is then passed to the separation zone 34 which 
separates the first phase from the second phase. Each 
separated phase can be, optionally, filtered and, 
optionally, returned to its reservoir for re-use. 

25 FIG 3 is a further embodiment of the invention. In 

FIG 3, there is at least one operating component which 
requires lubrication for effective performance, such as a 
gear 50. The operating component is exposed to a variety 
of conditions during operation, e.g., high and low 

30 temperatures/ which require adjusting at least one 

physical property of the lubricant. At least a portion 
of the operating component, e.g. the gear teeth 52, in 
the case of a gear, are located within a lubricant 
reservoir 54. The lubricant reservoir comprises a first 

35 lubricant of low density and, usually, of low viscosity 
56 and a second lubricant 58 of higher density and, 
usually, higher viscosity than the first lubricant. The 
first and second lubricants are immiscible during certain 
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operating conditions, usually at lower temperatures, e.g. 
ambient temperatures. Under operating conditions which 
promote miscibility of the lubricants, such as higher 
temperatures, the first and second lubricants mix, at 
5 least partially. When this occurs, a third lubricant 

forms having a property which is different from the first 
or the second lubricant. Usually, it has a different 
viscosity. This third lubricant comes into contact with 
the operating component and is more appropriate for 

10 lubricating the component under the condition which 

causes the mixing than either~the first lubricant or the 
second lubricant. The used lubricant can be drained back 
into the reservoir for re-use. 

In FIG 4 an alternative apparatus is shown. In FIG 

15 4 the operating component or set of gears are located 

outside of the lubricant reservoir 64 and the lubricant 
is drawn from the top of the reservoir and transmitted to 
the gears 62 via line 70. A low density, usually low 
viscosity, lubricant is a first lubricant 66 and a second 

20 lubricant of higher density, and usually higher 

viscosity, is located below it in the bottom portion of 
the reservoir. The first lubricant is withdrawn from the 
top of the reservoir and transmitted to the gear via a 
pump or siphon under operating conditions which cause the 

25 lubricants to be immiscible. When the operating 

conditions change, causing the lubricants to be miscible, 
e.g., when operating temperatures increase, the 
lubricants mix. When this occurs, a third lubricant 
forms. The third lubricant has a property which is 

30 appropriate for lubricating the component under the 

changed operating condition. The used lubricant can be 
removed from the component and transferred back to the 
reservoir (not shown) . 

In both FIG 3 and FIG 4, the third lubricant will 

35 separate into the first and second lubricant when an 

operating condition which promotes immiscibility occurs, 
e.g., when the operating temperature drops. 
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In FIG 7, a hydraulic system is shown in which the 
multiphase hydraulic fluid is supplied to provide 
hydraulic energy for mechanical motion under a variety of 
conditions, such as high and low temperatures which would 
ordinarily be detrimental to effectiveness and efficiency 
of operation. In FIG 7 there is a partial immiscibility 
zone 100 which contains at least two phases of hydraulic 
fluids. Typically, one phase is of higher viscosity than 
the other. A hydraulic fluid is essentially both a 
lubricant for some of the system components and a source 
of fluid pressure, a hydraulic fluid per se. As a 
lubricant, it can benefit from the multi-phase principle 
as well as any other lubricant; tailoring of the 
viscosity to provide enough, but not too much film 
thickness at any given temperature. In addition and more 
importantly, in cold climate operation or at the start of 
a cycle, the pump may have trouble delivering a very 
viscous hydraulic fluid. In hydraulic system design, one 
may have to provide a fluid that is viscous enough so 
that at high temperatures it provides enough lubrication, 
but at low temperatures it is not too viscous to be 
pumped. The multi-phase approach can provide both 
extremes; high enough viscosity at high temperatures and 
low enough viscosity at low temperatures. This would 
also allow operation with a smaller pump. 

The partial immiscibility zone 100 can be a 
reservoir which maintains the hydraulic fluids under a 
condition of partial immiscibility. This can be 
accomplished by maintaining the fluids in separate 
containers or at a temperature which keeps the phases 
distinct and immiscible. The hydraulic fluids are 
conveyed to mixing zone 103 via pumps 104 and 105 • A 
condition of at least partial miscibility exists in the 
mixing zone, e.g. by maintaining conditions so that both 
fluids are, substantially, in a single phase. This can 
be accomplished by a high temperature and/or a mixer 
which physically blends the fluids. The pumps are 
operated to dispense an amount of each fluid necessary to 
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achieve a final hydraulic fluid having properties which 
are appropriate and efficient under the operating 
conditions. The proportion of each fluid will depend 
upon and will vary with the conditions of operation. For 
this purpose, there can be a thermometer or viscometer 
130 associated with actuator 109 to measure the operating 
condition of the actuator. A signal transmitter 121 can 
be provided which transmits the measurement (e.g. 
viscosity or temperature) to an operator 131 which can be 
human or mechanical, and which adjusts the fluid flow of 
pumps 104 and 105 to the mixing zone to provide the 
amount of each fluid necessary to achieve the fluid 
characteristics efficient for operation. 

From the mixing zone 103, the hydraulic fluid is 
withdrawn via high pressure line 108 and conveyed to 
actuator 109. The pump 110 provides the appropriate 
hydraulic fluid pressure to the actuator. The pump can 
be a constant flow rate pump associated with pressure 
relieve valve 20 to avoid damage caused by excessive 
pressures. The actuator can be a cylinder or motor. A 
collection zone 111 collects the hydraulic fluid via line 
112 and permits separation of the phases, typically by 
cooling. The first phase is withdrawn from the 
collection zone via line 113 and returned to the 
reservoir via pump 114. The second phase is withdrawn 
from the collection zone via line 115 and returned to the 
reservoir via pump 116. Electric motors 106, 107, 117, 
118 and 119 can be supplied for operation of the pumps. 

In FIG 8 a hydraulic system is shown in which there 
are a plurality of actuators 206 and 207 for converting 
hydraulic fluid into mechanical motion, each of which may 
be subjected to a different operating condition which may 
require hydraulic fluids of different properties, e.g. 
viscosity. For illustrative purposes, only two actuators 
are shown, but the system can accommodate many more. In 
FIG 8 there is a partial immiscibility zone 200 which 
contains at least two hydraulic fluids 201 and 202 having 
different properties. This zone maintains the fluids 
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under a condition which prohibits miscibility, at least 
to a substantial degree, e.g. by maintaining the fluids 
in separate containers or by maintaining conditions of 
temperature sufficiently low to keep the fluids in 
5 distinct phases. The fluids are withdrawn from the 

immiscibility zone or reservoir and conveyed to mixing 
zones 204 and 205 via pumps 206, 207, 208 and 209 which 
dispense an amount of each fluid necessary to achieve 
another fluid having properties appropriate to the 

10 operating conditions of each actuator 206 and 207. The 
amount of fluid dispensed can be controlled by measuring 
the operating condition of the actuator (via a 
thermometer or viscometer, not shown) and transmitting 
the signal via signal transmitters 210 and 212 to an 

15 operator as discussed above. The fluids are brought from 
the mixing zones via pumps 208 and 209 which provide a 
fluid to the actuators 206 and 207. To avoid system 
damage caused by excess pressure, valves 211 and 213 are 
build into the system to vent any excess pressure which 

20 exceeds a threshold level. At least one collection zone 

215 collects the hydraulic fluids and permits separation 
of the phases, typically by cooling. The first phase is 
withdrawn via line 216 and returned to the at least 
partial immiscibility zone via pump 218. The second 

25 phase is withdrawn via line 217 and returned to the at 
least partial immiscibility zone via pump 219. A 
plurality of electric motors are supplied for control or 
operation of the pumps. 

In a more specific embodiment of the invention, a 

30 lubricant phase employed is a polyoxyalkylene compound, 
specifically a polyoxyalkylene liquid lubricant. 
Polyoxyalkylenes are described in Gunderson and Hart, 
S ynthetic lubricants (1962) at pages 61 -101 which is 
incorporated herein by reference as to the description of 

35 the polyoxyalkylenes. The polyoxyalkylenes are 

essentially linear polymers which can be broadly defined 
by the structure: 
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RO- ( "CH 2 CH--0- ) x — R" 

R' 

where R, R' and R" can each be hydrogen or one or two of 
5 R, R' and R" can be hydrogen while the other R, R' or R" 
is a lower alkyl group containing from 1 to 10 carbon 
atoms or 2 to 10 carbon atoms and an oxygen atom and x is 
an integer. The contemplated polyoxyalkylenes are diols, 
triols, monoethers, diethers, ether-esters or diesters. 

10 Preferred polyoxyalkylenes are polypropylene glycols. 

The synthesis of polyoxyalkylene glycol diols and 
monoethers is, typically, by the addition of alkylene 
oxide to a hydroxyl group. Sources of the hydroxyl group 
can be water or glycol, which will produce a diol, 

15 alcohol which will produce a monoether or glycerine which 
will produce a triol. Diesters are usually prepared from 
either diols or monoethers and esters are usually 
prepared by esterif ication of the corresponding hydroxy 
compound . 

20 The contemplated polyalkylene glycols are water 

insoluble, for purposes of miscibility with water 
insoluble hydrocarbon oils. However, water soluble 
polyalkylene glycols may be employed when they are at 
least partially miscible with other lubricants employed. 

25 Specific examples of polyalkylene glycol lubricating 

fluids contemplated include polyethylene glycol, 
polypropylene glycol, polybutylene glycol, triols of 
polypropylene glycol, triols of mixed polyoxyalkylene 
glycol, monoethers of polypropylene glycol, monoethers of 

30 mixed polyoxyalkylene glycol and diethers of 
polypropylene glycol. 

Usually the polyalkylene glycol will have a 
viscosity at 100*0 ranging from about 10 est. to about 
200 est. In a preferred embodiment employing 

35 polypropylene glycol the viscosity at 100 *C also usually 
ranges from about 10 cSt. to about 200 cSt. 

Typical hydrocarbon lubricants contemplated include 
mineral oils such as those prepared from crude oils. 
These lubricating oils generally contemplated are acid 
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refined lubricating oil distillates, solvent refined 
oils, hydrotreated oils, deasphalted oils, dewaxed oils 
including catalytically dewaxed oils, hydrocracked oils 
and oils formed by a combination of these refinery 
processes . 

Synthetic hydrocarbons are also contemplated. 
Usually, useful synthetic hydrocarbons are produced by 
polymerization of olefins, condensation of olefins or 
chlorinated paraffins with aromatics and dechlorinating 
condensation of chlorinated paraffins • Typically, these 
synthetic hydrocarbon materials have a narrower boiling 
range and favorable low-temperature characteristics as 
compared to the mineral hydrocarbons. Polymerized alpha- 
olefins, which usually have favorable viscosity- 
temperature characteristics, include ethylene polymers, 
propylene polymers, polybutenes and polymeric higher 
olefins such as C 5 to C 20 olefins, specifically 
polydecenes. 

A mixture of a mineral hydrocarbon oil and a 
synthetic polyalphaolef in may also be employed. 

Usually when the hydrocarbon oil is a 
polyalphaolef in it will have a viscosity at 100 *C ranging 
from about 1.5 cSt. to about 50 cSt and when the 
hydrocarbon oil is a mineral oil it will have a viscosity 
at 100 # C ranging from about 3 cSt to about 50 cSt. 

The following examples 1 and 2 facilitate a 
comparison between the performance of a conventional 
single phase lubricating system and the contemplated 
multi-phase lubricating system. 
Example i 

FIG 5 is a viscosity-temperature plot, based on the 
data of Table 1, of several commercial general -purpose 
mineral oil-based lubricants having viscosities which 
range from ISO grade 22 to 680 (the ISO grade number 
equals the kinematic viscosity in centistokes at 40 *C, 
and an oil falls in that grade if its viscosity at 40*C 
is within + 10% of the grade number) . These lubricants 
are blended from a small number of different basestocks 
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and additives to form a single phase lubricant. The 
single phase lubricant is designed to maintain a single 
phase over long periods of time. As can be seen in FIG 
5, the variation in viscosity of a single grade of 
5 lubricant over a practical temperature range, such as a 
room temperature of 20* C to a typical upper operating 
temperature limit in excess of 100 # C is very large. 

The two areas labelled A and B on FIG 5 represent an 
example of the needs of two hypothetical components in a 

10 machine, each component operating over a different 

temperature range and with different viscosity needs 
based on component geometry, speed and load. The lower 
and upper limits on the boxes cover the range of 
viscosity needed to satisfy operating conditions from 

15 high speed/low load (lower limit) to low speed/high load 
(upper limit) . The side-to-side limits cover the range 
of operating temperatures for the machine. To optimize 
the needs of each component over all temperatures and 
operating conditions would take several viscosity grades 

20 of lubricant and to optimize the system for both 

components would take almost all of the grades. This is 
an important compromise which is likely to leave 
component A operating short of its viscosity target, and 
at increased risk of wear or failure, and component B 

25 operating with higher viscosity than it needs and 
therefore wasting energy. 
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Viscosities for 95 VI 
ISO Viscosity Grades 22-460 



fv 4P*P 


KV 100*C 


22 


4.25 


32 


5.29 


46 


6.65 


68 


8.53 


100 


11.08 


150 


14.54 


220 


18.75 


320 


23.94 


460 


30.35 



Example 2 

5 as shown in this Example, this invention allows the 

appropriate viscosity to be supplied to at least one 
component by selecting and mixing the correct proportion 
of 

two fluid phases, with the feature that the phases can be 

10 collected and easily separated into their component parts 
for reuse in the system. 

FIG 6 is a viscosity-temperature plot for two 
fluids, a polyalkylene glycol and a hydrocarbon lubricant 
based on the data of Table 2. The upper and lower curves 

25 shown in FIG 6 represent the viscosity-temperature 

profile of the two fluids and the area to the right of 
the roughly parabolic-shaped curve represents the region 
in which the two fluids would be completely miscible in 
any proportions. Box A and Box B for the two components, 

30 as discussed in relation to the conventional lubricants 
shown in FIG 5, are also superimposed in FIG 6. It can 
be seen from FIG 6 that the appropriate viscosity 
lubricant will be achieved by supplying the proportions 
of each lubricant necessary to achieve that viscosity. 

35 For this purpose a supply system is employed to 

administer an appropriate proportion of each fluid 
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depending upon the changes in the operating conditions of 
the operating component. 



Mobil 8HP 41/PA0150 Mixture viscosity Estimation 



Temp *C 



Mobil 8HF 
41 

J2 



40 17.2 143 

100 3.9 22.6 

100 3.9 22.6 

10 100 3.9 22.6 

100 3.9 22.6 

100 3.9 22.6 

100 3.9 22.6 

100 3.9 22.6 

15 77 6.14 40.36 

92 4.51 27.27 

95 4.27 25.37 

81 5.63 36.15 

25 30.7 282 

20 150 1.93 8.98 

150 1.93 8.98 

150 1.93 8.98 

150 1.93 8.98 

150 1.93 8.98 

25 150 1.93 8.98 

150 1.93 8.98 
*log(KV, mix) - wl x log(KV, 1) + w2 x 
w represents the weight fraction, e.g. 
fraction of 10% is 0.1. 



Wt. 

fraction 
PAQ150 



0 

0.1 
0.25 
0.5 
0.75 
0.9 
1 

0.1 
0.25 
0.5 
0.75 
0.9 
0 

0.1 
0.25 
0.5 
0.75 
0.9 
1 

log(KV, 



Mixture 
KV 



3.90 
4.65 
6.05 
9.39 
14.57 
18.96 
22.60 
7.41 
7.07 
10.41 
22.71 
225.91 
1.93 
2.25 
2.83 
4.16 
6.11 
7.70 
8.98 



the weight 



2 ) , where 



30 Example 3 

The following Table 3 facilitates a comparison of 
the mixing temperatures, or transition temperatures, for 
various combinations of polyalkylene glycol lubricants 
and hydrocarbon lubricants. The transition temperatures 

35 were determined by visually observing the solid-liquid 

phase boundary behavior of the lubricants in a constant- 
temperature bath. 

The test lubricants, in a known volumetric ratio 
were placed in a tube. The tube was placed in the 

40 constant-temperature bath and heated until a single-phase 
liquid was achieved. The temperature was lowered until 
the lubricants began to separate. The temperature was 
raised and lowered in increments. The transition 
temperature; that is, the temperature between separating 

45 and mixing of the phases at the two-phase/one-phase 
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boundary, was observed and recorded until the transition 
temperature was repeatable to within 0.1*C. 

Seven different combinations of lubricants were used 
at various ratios. 
5 Lubricant 1: a polyalkylene glycol (PAG) oil known 

as Baylube 150GL (VI-187, kV § 40 # C - 143 cSt., kV § 
100*C=22.6 cSt.) manufactured by Rhein Chemie and a 
synthetic polyalphaolef in hydrocarbon oil, Mobil SHF 61 
(VI=135, kV @ 40*C=29.0 cSt. ; kV @ 100*05.6 CSt.) 
10 Lubricant 2: the PAG oil of Lubricant 1 with a 

synthetic polyalphaolef in lubricant, Mobil SHF 41 
(VI=119, kV § 40*017.25 cSt. and kV § 100*03.88 cSt) . 

Lubricant 3: The PAG oil of Lubricant 1 and a 
paraffinic mineral oil (kV § 40 # O51.6 cSt.; kV § 
15 100*07*3 CSt.; VI=102). 

Lubricant 4: a PAG oil P4000 (VI=233, kV § 40*0 
408.5 cSt., kV § 100*0= 64.7 cSt.) manufactured by DOW 
Chemical and the polyalphaolef in of Lubricant 1. 

Lubricant 5: a 1:1 blend of PAG oils P4000, used in 
20 Lubricant 3, and P1200 (VI=160, kV ©40'C 82.4 cSt. , kV § 

100*0 13.1 cSt.), both manufactured by DOW Chemical, and 
the polyalphaolef in of Lubricant 1. 

Lubricant 6: The PAG oil P1200 and Mobil SHF 61. 
Lubricant 7: the PAG oil of Lubricant 6 and a 
25 synthetic polyalphaolef in stock, Mobil SHF 1001 (VI=168, 
kV § 40*01115.7 cSt., kV § 100*C=92.6 cSt.). In this 
example, the higher density fluid has a lower viscosity 
than the lower density fluid.) 
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Transition Temperature (*C) of Different Phase 

Lubricants 





Ratio 




PAGXHC 


1 


2 


3 4 


5 


6 


7 


5 


0.01 


• 
• 


99.99 


40 














0.10 


• 
• 


99.90 


100 


77 












0.25 


• 
• 


0.75 




92 


129 


123 


111 






0.50 


• 
• 


0.50 


115 


95 


95 130 


123 


114 


>150 




0.75 


« 
* 


0.25 


115 


81 


104 


102 


100 


>150 


10 


0.90 


• 
• 


0.10 




25 








-150 



Comparing the transition temperatures shown in Table 
3, it is evident that certain materials have lower 
transition temperatures than others and that the 
transition temperatures vary with the proportion of each 

15 component. Increasing disparity in molecular size also 
influences transition temperature. For example, the SHF 
61/P4000 combination has a higher transition temperature 
than the SHF 61/P1200 combination. This is because the 
P4000 lubricant has a higher viscosity and molecular 

20 weight. The same is true for the higher molecular weight 
hydrocarbons. For instance, the 150GL/SHF 61 combination 
has a higher transition temperature than the 150GL/SHF 41 
combination, the molecular weight of SHF 61 is greater 
than the molecular weight of SHF 41. The highest 

25 transition temperatures were required for the combination 
with the largest disparity in size. For example the SHF 
1001/P1200 combination did not mix completely even at 
temperatures as high as 150 *C at the higher 
concentrations of PAG. At low concentrations of PAG 

30 (e.g. 0.9 : 0.10) mixing was observed at ~150*C. On the 
other hand, comparing the performance of the paraffinic 
mineral oil with the polyalphaolef in Mobil SHF 61, it is 
noted that the paraffinic mineral oil mixed with the 150 
GL at a lower temperature than the polyalphaolef in oil, 

35 Mobil SHF 61. This occurred even though the viscosity 

and average molecular weight of the mineral oil is higher 
than that of the Mobil SHF 61. The lower transition 
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temperature required for the mineral oil was attributed 
to the greater variety of molecules in the mineral oil, 
particularly polar molecules which increase solubility in 
the more polar polyalkylene glycol. From this, it is 
expected that a cosolvent will enhance the mixing of one 
phase into another. 

The interdependence of transition temperatures with 
the type and proportion of components can be exploited to 
control viscosity, and perhaps other properties of the 
single phase lubricant. 

The tendency of the viscosity of the first phase 
lubricant (the low viscosity component) to decrease as 
the temperature increases will be, at least partially, 
counteracted by an increased concentration of the second 
phase lubricant (the high viscosity component) which 
mixes with the first phase lubricant as temperatures 
reach the mixing temperature. The increasing 
concentration of the second phase in the first phase 
increases the viscosity and the effective viscosity index 
of the first phase. Similarly, as the temperature falls 
below the mixing temperature the second phase separates 
from the first phase, lowering the viscosity of the first 
phase so that the lubricant will meet the lower 
temperature viscosity requirements. The multi-phase 
lubricant can be incorporated into a controlled 
mechanical system as herein described which enables an 
amount of each component to be combined at the mixing 
temperature to achieve a single phase lubricant of a 
certain viscosity which is then delivered to a machine 
element. 

A blending component or cosolvetit can be employed to 
help maintain a blend of the two phases. That is, the 
second phase can contain a material of similar density 
which facilitates mixing of the two phases. Examples of 
this include a second phase blend of mutually soluble 
polyglycol lubricants which have different molecular 
weights. The fluid which is more soluble in the first 
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phase at a lower mixing temperature will facilitate 
mixing of both phases. 
Example 4 

This Example shows the improved viscosity properties 
achieved in a multi-phase lubricant. 

The viscosity properties of several hydrocarbon 
lubricant components used in the multi-phase blends of 
this example are reported in the following Table 4. 

Table 4 

viscosity Properties of Hydrocarbon Lubricants 



Hydrocarbon 
lubricant 



Density 
at 75 -F 
(g/cc) 



Viscosity 
at 40*C 
(est) 



Viscosity at 
100 *C (est) 



Viscosity 
Index 



Mobil SHF 41 0.81 17.25 

Mobil SHF 61 0.82 29.0 

Mobil SHF 0.84 1115.7 
1001 

Paraffinic 0.87 51.6 
Mineral Oil 



3.88 

5.6 

92.6 

7.3 



119 
135 
168 

102 



20 



25 



The following Table 5 reports the viscosity 
properties of several polyglycol lubricant components 
used in the multi-phase blends of this example. 



Table 5 

Viscosity Properties of Polyglycol Lubricants 



Polyglycol 



Density 
Q 75«F 

(g/cc) 



Viscosity 
at 40 *C 
(est) 



Bay lube 150GL 1.00 143 

P1200 1.01 82.4 

P4000 1.01 408.5 

Blend of P1200 1.01 183.5* 
and P4000 



Viscosity at 
100 *C (est) 



Viscosity 
Index 



22.6 
13.1 
64.7 
29.1* 



187 
160 
233 
200* 



30 



* estimated value 



The following Table 6 reports the viscosity 
properties of various combinations of the lubricants 
shown in Tables 4 and 5. 
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The viscosity of a single phase mixture of the two 
phases was determined by measuring the viscosity of the 
low viscosity first phase at a temperature at which the 
high viscosity second phase was mixed with the first 
5 phase. The viscosity measurement of the mixture was 
determined in accordance with the ASTM D445 test. 

Table 6 

Viscosity Properties of Multiphase Lubricant Mixtures 

Phase 1 Phase 2 Viscosity viscosity Viscosity 

10 Lubricant Lubricant at 40 *C at 100 *C Index 

Mobil SHF 41 Baylube 150GL 17.6 8.61 541 

Mobil SHF 61 Baylube 150GL 29.48 6.39 177 

Paraffinic Baylube 150GL 53.87 12.84 247 

Mineral Oil 

15 From the results of Table 6, several important 

features of the invention are apparent. The effective 
viscosity index of the Mobil SHF 61/Baylube 150GL blend 
was 177. This translates to a viscosity index boost of 
42 over the viscosity index of the Mobil SHF 61. 

20 In a lubricant mixture of Mobil SHF 41 and Baylube 

150GL the effective VI was 541. The relatively low 
mixing temperature of 95 *C, as shown in Table 6, 
indicates that the viscosity properties of the first 
phase could be easily varied at relatively low 

25 temperatures by changing the proportion of the second 
phase in the mixture. 

A VI increase for the mixture of the 
paraffinic/mineral oil and Baylube 150GL is also shown in 
Table 6. The VI boost was lower than that achieved with 

30 the Baylube 150GL/Mobil SHF 41 mixture because the 
disparity in viscosity is not as large. 
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CLAIMS : 



1. A process for lubricating an operating component 
of a system in which the operating component is exposed 
to a variation in a condition of operation during system 
operation, comprising: 

(a) maintaining a first lubricant of low density and 
low viscosity and a second lubricant of higher density 
and higher viscosity than the first lubricant in a 
lubricant zone under an operating condition in which the 
first lubricant and the second lubricant are immiscible; 

(b) dispensing an amount of the first lubricant and 
an amount of the second lubricant to a mixing zone which 
is dedicated to the operating component, the relative 
proportion of each lubricant dispensed to the mixing zone 
is dependent upon the proportion required to achieve a 
third lubricant having a property suitable for 
lubricating under the condition to which the operating 
component is exposed; 

(c) generating, in the mixing zone, a condition for 
mixing the first and second lubricants to produce a third 
lubricant; 

(d) applying the third lubricant to the component; 

(e) removing at least a portion of the third 
lubricant from the component; and 

(f) returning the third lubricant to step (a) and 
repeating steps (b)-(d) without discontinuing system 
operation. 

2. The process of claim 1 which further comprises 
the step of detecting the operating condition of the 
operating component so that the proportion dispensed in 
step (b) is regulated by monitoring the detected 
operating condition. 

3. The process of claims 1 or 2 which further 
comprise a plurality of operating components. 

4. An apparatus for lubricating an operating 
component of a system in which the operating component is 
exposed to a variation in a condition of operation which 
is benefitted by adjusting at least one physical property 
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of the lubricant which lubricates the component during 
operation, comprising: 

(a) a reservoir comprising a first lubricant of low 
density and low viscosity and a second lubricant of 
higher density and higher viscosity than the first 
lubricant, the second lubricant is immiscible with the 
first lubricant under conditions of immiscibility; 

(b) a third lubricant comprising a mixture of the 
first lubricant and the second lubricant, the mixture 
forming under a mixing condition; 

(c) an operating component positioned in association 
with the reservoir such that under a mixing condition, 
the operating component contacts the third lubricant and 
under a condition suitable for immiscibility the 
operating component contacts the first lubricant or the 
second lubricant, the contact of the operating component 
with the first or second lubricants and third lubricant 
occurring without discontinuing system operation. 

5. The apparatus of claim 4 which further comprises 

(i) a mixing zone for providing a condition for 
mixing the first lubricant and the second lubricant to 
produce the third lubricant; and 

(ii) a dispenser which supplies an amount of the 
first lubricant and the second lubricant from the 
reservoir to the mixing zone, the dispenser comprising at 
least one flow controller which controls the relative 
proportion of the first lubricant and the second 
lubricant dispensed to the mixing zone. 

6. The apparatus of claim 5 which further comprises 

(i) a condition sensor which is in communication 
with the operating component, the sensor comprising a 
device for detecting a change in the operating condition 
of the component during operation; and 

(ii) an activator which is in communication with the 
flow controller and which is responsive to the condition 
sensor, the activator signals the flow controller to 
change the relative proportion of the first lubricant and 
the second lubricant dispensed to the mixing zone in 
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response to a change in the operating condition which 
requires adjustment of at least one physical property of 
the third lubricant. 

7. The apparatus of claim 6 in which the condition 
sensor is a thermometer or viscometer. 

8. The apparatus of claim 6 which further comprises 
a separation zone which provides an immiscibility 
condition for separating the third lubricant back into 
the first and second lubricants. 

9. The apparatus of claim 4 in which the operating 
component is positioned within the reservoir. 

10. The apparatus of claims 5, 6, 7 or 8 in which 
the dispenser is a pump. 

11. The apparatus of claims 5, 6, 7 or 8 in which 
the operating component is located within the mixing 
zone. 

12. The process or apparatus of claims 1, 2, 4, 5, 
6, 7, 8 or 9 in which the operating component is (i) an 
actuator for converting hydraulic fluid into mechanical 
motion and the lubricant is the hydraulic fluid; (ii) a 
gear or (iii) a bearing. 

13. A lubricant for a system requiring lubrication 
during all usual conditions of operation including usual 
operating periods requiring high viscosity lubricant and 
usual operating periods requiring low viscosity 
lubricant, comprising, in a condition of immiscibility: 

(a) a hydrocarbon lubricant; and 

(b) a polyalkylene glycol lubricant, the (a) and (b) 
lubricants characterized by immiscibility during the 
usual operating periods requiring low viscosity lubricant 
operation and miscible during the usual operating periods 
requiring high viscosity lubricant operation, the 
polyalkylene glycol lubricant influences the viscosity of 
the hydrocarbon lubricant under the operating condition 
which is sufficient to make the hydrocarbon lubricant and 
the polyalkylene glycol lubricant miscible. 



# 



WO 96/11244 



PCT/US95/11696 



36- 



14. The composition of claim 13 in which the 
polyalkylene glycol has a viscosity at 100 *C ranging from 
about 5 est. to about 1,000 cSt. 

15. The composition of claim 13 or 14 in which the 
polyalkylene glycol is polypropylene glycol having a 
viscosity at 100 *C ranging from about 5 cSt. to about 
1,000 cSt. 

16. The composition of claim 13 in which the 
hydrocarbon lubricant is a synthetic polyalphaolef in 
having a viscosity at 100 # C ranging from about 1.5 to 
about 50 cSt. 

17. The composition of claim 16 in which the 
hydrocarbon lubricant is a polydecene. 

18. The composition of claims 13, 14 or 16 in which 
the hydrocarbon lubricant is a mineral oil with a 
viscosity at 100 # C between about 3 cSt. and about 50 cSt. 

19. The composition of claim 13 in which the 
hydrocarbon lubricant is a mixture of a polyalphaolef in 
and a mineral oil. 

20. The composition of claims 13, 14, 16, 17 or 19 
in which the synthetic polyolef in is selected from the 
group consisting of ethylene polymers, propylene 
polymers, polybutenes, polymeric C 3 to C 20 olefins and 
mixtures thereof. 

21. The composition of claims 13, 14, 16, 17 or 19 
in which the polyalkylene glycol is selected from the 
group consisting of polyethylene glycol, polypropylene 
glycol, polybutylene glycol, triols of polypropylene 

5 glycol, triols of mixed polyoxyalkylene glycol, 

monoethers of polypropylene glycol, monoethers of mixed 
polyoxyalkylene glycol, diethers of polypropylene glycol 
and a combination or copolymer of any of the foregoing 
glycols. 
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